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Abstract: Solid oxide fuel cell operate at high temperature (800~10007C). High temperature have an advantage
of system efficiency, but a weak durability. In this study, linear state space controller is designed to handle
the temperature of solid oxide fuel cell system for proper thermal management. System model is developed
under simulink environment with Thermolib®. Since the thermally optimal system integration improves
efficiency, very complicated thermal integration approach is selected for system integration. It shows that
temperature response of fuel cell stack and catalytic burner are operated at severe non-linearity. To control
non-linear temperature response of SOFC system, gain scheduled linear quadratic regulator is designed. Results

shows that the temperature response of stack and catalytic burner follows the command over whole ranges of
operations.
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Fig. 1 Schematic diagram of SOFC system
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Table 1 Specification of FC stack at rated power

Parameter Value
Operating temperature (K) 1000
Electro-active area (m?) 0.025
Operating current density (A/cm?) 0.2468
Operating Voltage (V) 0.693
Fuel Utilization (%) 60
Number of cells 117
Operating SOFC power (kW) 5
Initial air temperature (K) 800
Initial fuel temperature (K) 800
Initial stack temperature (K) 1000
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Fig. 2 I-V curve of solid oxide fuel cell in terms
of operating temperatures
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Table 2 Rated operating point of SOFC system

Parameter Value
Tre (K) 1073
Tee (K) 1123
I (A) 61.7

P 0.5015

Nair (mol/s) 0.5835

Fig. 3 SOFC system model under Thermolib®
platform

2 Moz A A

3.1 AER _g_j|. AlJ\E-H EI:-II
A

JEl SRF A2 ofe TR dE Wk Y
NEE e A|LEHS Alojeht a0 R AR
= AULE Aol AH WsR AdRdA
2E 2(Tre), SHARY] 2X5(Te)E 788t

o
&Liﬁ_h
r

Al o Hes A8 2L AolE 3 FHuida
719 W&/t~ E e TE 3 B e] JE(Pp),
uf AT 2% AoE HOH FujARTE Y
= A 371" S AAEI T A7) A5 A
2o 9 E= AFE dor MAAstY, dAF
1 3}o]] A7} 7Fset e s AASII Al 2~H]
Rdle HMdgo]7] wFel Table 29 44 &4 =
AoA dYstE Aoy o33 22 AH 21t
WS A& F Qth

df;fc chlcp-’FC(zQstack Qeono— Qcr)  (10)

LA -

E]l_
FAEE Agd Dol

X
Sl
Agato] Tebalth AE 1 A (12)9F (13)9]
A, Bu, Bw, C, DE ZAA37] 98 A2
A3 718E4 Fd FAHRE o
AT

gk ov,

5 - HA
Table 3 Geometric information of stack and catalytic
combustor
Parameter Value Material
Inconel
Interconnector (mm) 1.5mm
600
Cathode (mm) Imm
Electrolyte (mm) 0.1mm YTZP
Anode (mm) 0.1mm
Active Area (mnr) 150x150
Stack Volume(m’) 0.2454144
Combustor Volume (mm’) | 120x300x50 | Ceramic
Catalyst volume(m’) 0.378416
1200 ——m8 —————— =
Moo . T T T TS T \ i
r -------------------- 1 i
1000 b i
900 f :
_. soo} '
< : e e s o=
= 700 af =,
600 F =
500 F 3 ‘
a00f = B T
300 N 1 1 1
0 20 40 60 80 100
Time
Fig. 4 Temperature response of SOFC stack and
catalyst combustion with open loop control
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Fig. 8 Temperature response of SOFC stack and
catalyst combustion on current variation
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